


o 



INVESTOR IN PEOPLE 



The Patent Office 
Concept House 



PRIORITY 
DOCUMENT 



Newport REC'D 20 AUG 2003 



CardiffRoad 



South Wiles- 



SUBMITTED OR TRANSMITTED 
BUT NOT IN COMPLIANCE WITH 
RULE 17.1(a) OR (b) 



XTPing/WIPQ PCT 



L the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) of 
the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 

I also certify that the attached copy of the request for grant of a Patent (Form 1/77) bears an 
amendment, effected by this office, following a request by the applicant and agreed to by the 
Comptroller-General. 

In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named in 
this certificate and any accompanying documents has re-registered under the Companies Act 1 980 
with the same name as that with which it was registered immediately before re-registration save 
for the substitution as, or inclusion as, the last part of the name of the words "public limited 
company" or their equivalents in Welsh, references to the name of the company in this certificate 
and any accompanying documents shall be treated as references to the name with which it is so 
re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p.l.c, pic, 



P L C. or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subject!|£he company to certain additional company law rules. 



Dated 14 July 



Signed 




An Executive Agency of the Department of Trade and Industry 



a 013/020 



28JIJN02 E729537-2 D00314. 



Patents For 



PaieutoAc* 1977 
(Rule 16) 



^WfpATE^f OFFICE 

2 8 JUN 2002 
.RECEIVED BY FAX 



Request for grant of a patent 

(See tire lutfcs an the back ofthls/brm. You can also 
Ret mi explanatory leaflet Jrom Hie Patau Office to 
balpyaufittfoUtlsferm) 



The 

Patent 
Office 



-POl/7700 0-00-0214993.8 



1/77 



The Patent Office 

Cardiff Road 
Newport 
South Wales 
NP9 \im 



3. Your reference 



2. Patent application number 

(The Patent C&ica will ft tl in tfivr part) 



0214993.8 



18 'JIM 2802 



3. Full name, address and postcode of the or of 
each applicant (undertint all surnames) 



Marconi Applied Technologies Limited 
One Brutnn Street 
London 
W1X SAC 



Patents A DP number (f/yov know H) 



If the applicants a corporate tody, &ive die 
Country/state of its incorporation 



United Kingdom 



4. Title of die invention 

5. Name of your agent Gfymi hawrvn*) 

"Addrtss Ibr aervicci" in the United .Kingdom 
to which all correspondence should be sent 

(including f**e pwrtcodc) 



ELECTROCHEMICAL SENSING 

N; Hi 



3) 



M^fconi Intellectual 

Marrab^Hoiuse^ 
Thc^mcy»rd> * 
Gr«ft Baddoj? 
Ch&hnsford 

" ™"^7DS 



Patents ATDP number fifymt Satnw ix) 



6. If you am declaring priority £:om one or moro 
earlier patent applications, give the country 
and the ditto of filing of die or of each of these 
earlier applications and &you &»mv //; the or 
each application number 


Country Priority application number 
((fynu know) 


Date of filing 
(day J ma nth /year) 


7. If this application is divided or Otherwise 
derived from an earlier UK application, 
give the number and the filing date of 

the earlier application 


Number of carii cr application 


Date of filing 
(day /month (year) 


S . Is a sTaremeuT of inventorship and of light 
10 g^nt of a patent required in support of 
this request? (Answer Yar '{/> 

u) any applicant named in purtS Xr not an inventor, or 
h) rhare Li an. Inventor wAo tr not named as an 
applicant, or 

e) mty named applicant is a corporate body, 
See note (d)) 


YES 





Patents Form PI/77 



2S/06 2002 FRI 15:17 FAX 01245 453410 MARCONI APPLIED TECH ©014/020 



Patents Form 1/77 



Enter the number pf sheets ipr any of the 
following items you are filing with ihia form. 
Do not count copies of the same document 



Continuation sheets of this form 


(0) 


Description 


6 / 


Claim ft) 


(0) 


Abstract 


(0) 


Drawings 


(0) 


10. if vOll are &hiO fill tie? anv cif'tHs fnllnwiTifr 




stare bow many against each item. 




Priority documents 


(0) 


Translations of priority documents 


(0) 


Statement of inventorship tmd nghL 


(0) 


to grant gf a patent (huem Form 7/77) 




Request for preliminary examination 


(0) 


and search (roams Form 9/77) 




Request for substantive examination 


(0) 


(Patents Form J 0/77} 


Any other documents 




QyieafGjpectfy) 





IK. 


I/We request the grant of a patent on the basis □£ this application. 
Signature Aj*^ jLc^ Dalc l& fotJcZ. 


1 1. Name and daytime telephone number of 
person to contact in the United Kingdom 


Nerys Hucker >J 
01245 493 493 ext3122 



After an application for a patent has been filed, the Comptroller of the Patent Office will consider whether publication 
or COtnintiniCulitm of the invention should he prohibited or restricted under Section 22 of the Patents Act J 977. You 
will be informed \f if is necessary (o prohibit or restrict your invention in this -way. Furthermore, if you live in the 
United Kingdom, Section 23 of the Patent? Act 1977 stops you from applying for a patent abroad without first getting 
written pertnhsionfrvm the Potent Office unless an application has been filed at least 6 -weeks beforehand in the United 
Kingdom far a patent for the same invention und father no direction prohibiting publication or communication has been 
given, or any such direction has been revoked. 



Patents Form 1/77 



28/08 2002 FRI 15:17 FAX 01245 453410 MARCONI APPLIED TECH 



©015/020 



Electrochemical Sensing 



Summary 

A key area of interest in the pharmaceutical industry is the prediction pf how drag* are meiabolfeed in the 
body. One of the main ding metabolism processes, phase T oxidation, is mediated by either the cvtoclirome 
P450 [CYP] or flavin monaoxyne na *e (FMO) families of enzymes. The reactions catalysed by these 
enzymes can be driven eleotrochemioally, and the reaction progress may be monitored using simple 
electrode systems. This make* the CYPs, and the functional ly-related FMOs ideal candidates for 
electrochemical sensing. 

Background 

The single most important decision in the drug design process made when selecting which of the lead 
compounds identified during the research programme are to be passed inro die development pipeline. 
About 90% of development candidates mil to become marketed drugs, for a variety ofreasoixE (see figure, 
below)- The cost of a development programme in extremely high (typically £50M per molecule), and SO the 
selection of development candidates has a high financial penalty if made incorrectly- For ihis reason, there 
is intense interest within die phoimaceutical industry for effective means to *fail drugs early\ identifying 
compounds chat are unlikely to make it to market befgre vast expenditure is incurred. 

Causes of Attrition In Drug Development 
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The greatest single reason for a drug candidate to mil during development is for it to show unacceptable 
characteristics when introduced into live animals or humans. The collective term for these characteristics is 
ADMB/Tox (absorption, distribution, metabolism, excretion and toxicity), covering how well a molecule 
enters the body 3 is distributed among the various tissues, is biochemically processed, and then eliminated in 
the bile Or urine, as well as any unexpected toxicological effects that may be uncovered during the 
development and clinical trials programmes. ADME/Tox prediction is a current area of intense research, 
and will be an expanding market over the next 3-5 years. 
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Mectroohernioal Storing has a role to play in several areas within the ADME/Tox area, since many of the 
drug metabolism processes involve changes hi redox potential. It therefore provides a means to quantify 
drug molecules, and their metabolic ellecia, in the context of a whole tissue or body fluid sample. In 
particular, it provided a sensitive and cost-effective means to follow the metabolic processing of drugs 
either at Ihc single- enzyme* or whole organ level. 

The dxug-merabolising enaymee £DMEs] are a diverse group ofprotBiriB that are responsible for detoxifying 
a vasi array of xenobiotic compounds ('foreign molecules') including drugs, pesrioides and environmental 
pollutants. Most have an extremely broad subilxatc speuiQcity: some individual members of the 
cytochrome P450. [CYP] and Bavin mOnooxyHcna.se [FMO] families are known to metabolise more rhan 50 
struoiiually diverse compounds. Understanding the srnicrure-activiry relationships for the DMEs and their 
subatrales is an important area of research thai impacts on pharmacology, toxicology, and basic 
enzymology. In particular, ihc ability to predict whether a molecule is likely to be processed by CYPa in 
the body is of crucial importance in selecting candidate drug molecules for pharmaceutical development. 

Conceptually, the DMEs are divided into two groups. Oxidative drug-metabolising enzymes, which include 
CYPs and FMOs, catalyse the introduction of on oxygen atom into substrate molecules, generally resulting 
in hydnoxylation or demerhylatiorL These enzymes axe redox-driven, and the reactions they catalyse may 
readily bo followed clectrochcmically. The conjugaiive enzyme families, which include the UDP- 
^lyeosyl transferases, glutathione unnsfhrases, sulphotransferases, and N-acetyltranHferases, catalyse the 
coupling of endogenous small molecules to xenobioiies. This usually results in the formation of soluble 
compounds that arc more readily excreted. The conjugative euzyanes . axe not redox-driven* and arc 
therefore not particularly suitable tor electrochemical sensing. Other, as yet unidentined DMEs may also be 
found as a result of the human genome project. For example, the recently- discovered CYP3A34 has now 
been shown to be expressed in certain body tissues, although its precise function is currently unclear. The 
discission here is therefore not limited to the enzymes explicitly mentioned in the text. 

The CYP and FMO oxidative <talg-metabolishig enzymes are of particular interest as die biosensor 
components of an elec liuchcmical device trincc the electron? they require to drive the reactions can be 
supplied by direct charge transfer from electrodes in a bioreactor chamber. Indeed, in such a device there is 
no requirement for additional biological or chemical components such as the cofcactors and ancillary 
oxidoreductase enzymes thai are necessary for driving the reactions in a conventional In vitro assay. 



Proposed Biosensor Components 



Cytochrome P450 




CYP enzymes catalyse tho initial step in 
the biotransformation of xenobiotic 
compounds, including most drugs (a 
process referred to as ImU-pasa or Phase 
I metabolism). These enzymes are 
members of a large family of mixed- 
function oxidases which typically 
introduce an oxygen atom into substrate 
molecules, hence fecfl hating further 
metabolic processing to break the 
compound down. More than filly CYP 
isozymes arc known to exist in humans 
and they have been classified into 17 



3D molecular structure of CYP2C9 showing the U^im jp-pup, DCth*Hsite 
iron atom and a bound mbatrart. 
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families and 39 subranrilics. Tn the .standard nomenclature, the fcmily is designated by a number, a letter 
designation for 1he subfatnily, and a second number that identifies the Individual member of that snbfcnruly. 

In humans and animals, the bulk of drug metabolism is earned out by just a few xPCttlbew of the C YP 1 » 2, 
and 3 families and occurs primarily in the liver, which contains the highest concentration of CYP in the 
body. The figure below shows the percentage of drugs metabolised by the difrbrcnt CYP families. 
CYP3A4, 2D6, 1A2 and 2C9 are responsible for most of the drug metabolism by CYPs in humans, bo are 
considered the most interesting from a drug screening polar of view. 

Drug Processing by tha Major CYP Isozymes 
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The oxidation of organic molecules by CYPs is quite complex, but the overall reaction can be simplified to 
the following equation: 

RH + Q 2 + NADPH *+ hT ? ROH + H z O + NADP+ 

An electron from the cofactor NAOPH (a common electron-transfer inolcculc) is transferred to a hacm 
group within the CYP, where the activation of molecular oxygen occurs. Substrates (represented as R in the 
above euuuliun) react with one of the oxygen atoms whilst the other is reduced to ^ter, requiring a second 
electron. Several studies have shown that tlxe electrons necessary to drive this reaction can be supplied 
electochemically, with direct charge transfer coming Irom electrodes in an anaerobic bioreactor. In this 
case, there is no requirement Ibr the NADPH cofactor. CYP enzymes are therefore ideal candidates for 
incorporation into an electrochemical sensor for predicting drug inetabolifiul. 

Flavin Monooxygenases 

Flavin monooxygenases, like the CYP enzymes, catalyse the oxidation of organic compounds using 
molecular OXVften and NADPH as me source of electrons for the reduction of one of the oxygen atoms. 
However, they arc mechanistically distinct from the CYPs in that they react with oxygen and NADPH fn 
the absence of substrate to adopt an activated state within the cell, and an interaction with a nucleophilic 
eroup such as an amine, thiol, or phosphate is all that is required for completion of the catalytic cycle. 

The capacity to remain stable whilst poised in an activated slate is a possible explanation for the extremely 
broad substrate specificity of the FMO isozymes. It has been proposed thai essentially all of the energy 
required for eaialysis is captured in the Oxygen-activated intermediate, and that alignment or distortion of 
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the snbscrate molecules is not required, unlike moat other enzymes. Tt -follows that the active sites of FMOs 
fire muck leas stoically defined than for other eiyeymes, allowing a wide variety of molecules to act as 
substrates- FM03 \x the most abundant fonii in human liver and is believed to be the dominant member of 
this en2yine family in terms of overall drag metabolism. * 

As for CYFs, it is possible to drive the FMO-mediared reactions by supplying electrons elcctrochenrically, 
and therefore these would also be ideal candidates for incorporation into an electrochemical sensor device 
for predicting drug metabolism. 



Protein-Electrode Interactions 



Immobilised Proteins 

One Of (he most important aspects of driving an enzyme-catalysed reaction electrocheinically is the 
efficient transfer of electrons from the electrode(s) to the caralyric site within the enzyme. One -way to 
maximise ihiS IranaJer is lO iitanobiiise the enzyme ai the surface of the electrode. Although a system 
involving a solubilised enzyme could be designed, early success is most likely by using surfece- 
immoblilsed enzyme?, 

Covalently-modifTed Electrodes 

The surface of an electrode of, for example, metal (typically,- lito ugh net exclusively gold) pr graphite, can 
be modified by the eovalent addition of chemical groups to make it mere amenable for the transfer of 
electrons to proteins One technique involves the use of organothiloare compounds (containing an SH 
gmnp) in conjunction with a gold electrode. The thiol group forms a stxorig bond to the metal surface, with 
me rest of the molecule providing Suitable, functional groups for interacting with the protein, 

Microporous Electrolyte Membranes 

These are mechanically and chemically stable polymer gels with high ionic conductivity, coaling ihe 
surface of an electrode in the form of a thin layer. The polymers comprising the gel should be chosen, to 
provide a suitable environment for trapping the proteins within their matrix, such us a high proportion of 
carboxylio acid groups (for proteins with many positively-charged surface residue?), amine groups (for 
proteins with many negative charges at the surface), or aliphatic groups (for proteins with largely 
hydrophobic Rurfeces). 



Lipid Membranes 

Natural CYP enzymes are usually found attached to biological membranes, since they almost exclusively 
contain a region which acts as an anchor within a phospholipid bilayer. Indeud, the CYPs used in analytical 
laboratories are generally modified to remove this anchor domain, thus allowing the enzyme to be 
Solubilised. The affinity of CYPs for lipid bilayer membranes provide a means of anchoring them 31 the 
surface of an electrode. Suitable membranes may be constructed using long-chain ratty aoida, lipids, or 
similar molecules, deposited on the surface. 
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Application Areas 

Ideally, a drug development team would like to have a detailed picture of flie pathway and fcmcdcB of a 
compound's metabolism in humans, including possible side effects such as CYP induction^nhibiti(>n and 
the generation of toxic metabolites, before beginning clinical trials. Gathering as much of t|\is data as 
possible usually involves a combination of increasingly targeted assay system*. Whole animals are oiteu 
used for initial toxicological assessment and the outcome of these experiments can prevent r compound 
from entering the next phase even before any metabolism work is done. Such studies are currently 
examined using cultured liver cells, live an i m a te or liver slices in combination with a variety or analytical 
methods to determine the overall metabolic profile. Moat recently, such assays arc performed using 
microsomes, synthetic cells comprising isolated enzymes held in an artificial membrane. 

Even with the application of increasingly sophisticated analytical methods, there are obvious difficulties hi 
using animals, cells, or cell fractions to obtain informaiion on the specific biochemical events that comprise 
a compound's metabolism. Advances* in the molecular genetics and biochejxusfry of the DM£s, and the 
need for greater efficiency in the drug discovery process are driving the development of new m vinu 
methods based on isolated DMfc-s. Theso methods have been used for screening thousands of compounds, 
and are amenable to integration into the early phases of the drug discovery process. Some of the ways hi 
which recombinant CYPs have been used for in vitro metabolism studies and the rationale for these arc 
described in the following sections. The same general approaches can be applied to other DMJ3s such as the 
PMOs, but in most cases the methods arc not nearly as well developed as they are for the CYPs, 

t 

isozyme Identification 

An identification Of the major cnzymc{s) involved in your specific drug's metabolism is perhaps the most 
important component of early studies. Once this is known, pharn^cokineu'c [PK] studies (sec below) are 
done to obtain (an approximate measure of rhe affinity of the enzyme* for the substrate) and V max (how 
fast the enzyme can process substrate molecules). Together, these parameters are used to estimate in vivo 
Clearance rates, a key determinant of merapeutic efficacy. Knowledge of the metabolism rale by a speoiBc 
enzyme may alert the drug discovery team to potential pharrnaeogeneue problems or drug-drug 
interactions. 

Genetic differences in CYP levels are a major cause of individual variability in response to therapeutics. 
For example, roughly 8% of the Caucasian population are poor meiabolisers of 2D6 substrates and can 
experience serious side effects when administered normal dose* of drugs that are metabolised primarily by 
this isozyme. Furthermore, some drug-drug hiteracttons can cause serious side? effect* or even fatal 
conditions such as drug-induced arrhythmia. The identification of which enzyme is primarily responsible 
for the meiabolism of a drug aids in the design of crrective clinical studies used for assessing possible drag 
interactions. A panel of CYP audFMO enzymes used as biosensors would enable die degree of processing 
of a new drug by each teo2yme to be accurately quantified. 



Determi natron of Kinetic Parameters 

. Undesirable PK characteristics are frequently a J&ctor in the feilnrc of compounds in preclinical studies. 
The goal Of in vitro studies is to determine the key PK parameters (JC m and for a compound with each 
CYP isozyme in order to obtain an estimate of the overall in v/ v o clearance rale. The problems wirh 
attempting to obtain accurate kinetic data from crude enzyme preparations such as microsomes include 
metabolism of the Substrate by more than one isozyme, -further modification of products fag. conjugation), 
consumption of NADPH by contaminating redox enzymeB, and bmdlng of substrates or products to cell 
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Ewf^iT ^ c "«° J ,eou!fts - enzymologiai's point-of-vicw, the only way * obtain accurate 

kinetic .data is with isolated cmsymc systems . Isolated CYP enzymes nsed as biosensora would provide this 
capability, 

High-Throughput Screening 

A large ramber of pharmacolofiically active compounds synthesized in the discovery ph^e of 
phannnceudcal R&D are rejected because they internet with the metabolism of existing therapeutic drugs 
or because they have poor bioavailability earned by rapid metabolism. In many cases, this is because the 
compounds are either substrates or inhibitors of one or more CYP isozymes. CYP* end outer DMEs are 
generally assayed by isolation and quantification of the metabolites produced from die parent compound Jn 
most cases, this involves chromatographic techniques (usually lEPLQ and in some cases phase separations 
There are two major drawbacks to these assay methods. First, the need to isolate the reaction products 
makes die methods too cumbersome and time consuming for use in any type of higb-vniume assay and 
precludes the collection of continuous kinetic data. Second, 'measurement of metabolites requires use of 
different assay methods for every substmte, raising an obvious technical harrier to screening diverse 
compounds tor metabolism. A universal assay method would be ideal in that it would allow direct 
quantification of metabolism rates for any substrate, allowing the determination of Ihc key pharmacokinetic 
parameter (calculated as fWQ fbr diverse compounds in a high-throughput screening \WTS1 format. The 
incuibve approach for achieving this is to monitor NADPH. consumption, which theoretically should be 
stoichiometric with substrata turnover. However, drfs has not proven pxaetical because die coupling 
between NADPH consumption and substrate turnover is variable between different substrates and Is 
frequently as low as 20-30%. Measurement of oxygen consumption suffer* from the some drawback; a 
Sigmiieant percentage of the total oxygen consumed is diverted into reactive oxygen intermediates rather 
than metabolite and water. 

J-or ■these r reasons, the main approach that is currently used mi-screening iscompedtive inhibition assays, in 
which inhibition of a probe substrate turnover by the test compound is used to identify potential substrates 
and inhibitors. The hits frem these competitive inhibition sevens must be further evaluated to determine 
whedter diey are inhibitor* or substrates for -the indicated isesyme. A number of approaches have been 
developed for high-throughput screening of CYP inhibition. These techniques include rapid phase 
separation methods for isolaring radiolabeled CYP 2D6 metabolites, development of mboticslly controlled, 
multi-column 11PLC separation systems to assay testosterone metabolism by CYP 3a4, *e use of novel 
chromogcnic reagents for quantitation of formaldehyde formation during CYP-dependent demethylation . 
reactions, and rapid LC/MS approaches for metabolite analysis. However, all of these approaches include 
relatively cumbeiisome post-reaction separation steps that limit their usefulness in an HTS format A lab- 
on-a-etop style biodcteutor able to follow CYP mediated reactions at the pharmacokinetic level would not 
require these separation steps, and so would offer substantial benefits over the current HTS technologies 



